BACKGROUND: Uphill walking and downhill walking are the different forms of walking which causes cardiovascular changes in the body. By changing the gradient of the treadmill, we can change the severity of exercise by keeping the speed constant.
Introduction
I t is a well-known fact that walking is good for health. It also forms a part of recreative activities with many health-related benefits. Walking helps to decrease the risk of cardiovascular disorders such as myocardial ischemia and atherosclerosis. [1] [2] [3] There is also increase in the size and number of branches of the coronary arteries with an increase in the demand of oxygen-rich blood which occurs during aerobic exercises. The increase in the number of branches and size of coronary arteries provides the additional channels for oxygenated blood to reach the heart muscle. Hence, in case of arterial block, it provides the alternative pathway and keeps the blood supply flowing. [4] [5] [6] Walking uphill and walking downhill are parts of daily life. While walking through a high hill or even stairs, we encounter a similar situation. Walking uphill forms the concentric type of exercise, whereas downhill walking forms the eccentric type of exercise. Treadmill which is the common tool for walking provides us with the option of changing the gradient, giving rise to different physiological responses. [7] It is necessary to know such types of changes occurring in our body during that situation. These types of exercises are useful for the individual with less exercise tolerance who does not want to increase the speed of the treadmill and wants maximum benefit. Hence, the objective of the study was to evaluate the effect of uphill, level, and downhill walking on cardiovascular parameters among young adults.
Materials and Methods
As seen in Figure 1 , a total of 20 participants (15 males and 5 females) with normal body mass index (BMI) were selected randomly for this experimental study. The source of participants was first-year medical students of the J.N. Medical College, Belagavi. Individuals who were having a history of cardiovascular, neurological and musculoskeletal disorders and individuals doing regular physical exercises were excluded from the study. The ethical clearance was obtained from the Institute Ethical Committee for human subjects. Participants were explained about the study, and written consent was taken from them. Participants' information regarding personal history, socioeconomic status, anthropometric data along with basal heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), and rate pressure product (RPP) were recorded. Participants were called during the afternoon session, and walking was done on three different days so as to avoid the fatigue factor. Participants were asked to have a normal diet, 2 h before walking. The temperature of the laboratory was maintained at a constant temperature for all the 3 days. On the 1 st day, participants were asked to perform level walking at 0% gradient in a motor-driven treadmill for 15 min at their preferential speed. After walking, HR, SBP, DBP, and RPP were recorded. On the 2 nd day, participants were asked to perform downhill walking at −15% gradient in a motor-driven treadmill for 15 min at their preferential speed and HR, SBP, DBP, and RPP were recorded after walking. Similarly, on the 3 rd day, participants were asked to perform uphill walking at +15% gradient in a motor-driven treadmill for 15 min at their preferential speed. After walking, HR, SBP, DBP, and RPP were recorded. Preferential speed was determined for each condition in all participants according to the method proposed by Martin et al. [8] First, treadmill speed was kept at 1.5 km/h and participant was made to walk, then slowly speed was increased until the individual subjectively found his/her preferred walking speed which was then maintained for 1 min, after which the participant was asked to evaluate the speed again. Changes in the speed were subsequently made according to participant's decision. Later, the procedure was repeated with a treadmill initial speed of 8.0 km/h and was gradually reduced. The preferred walking speed was finally determined as the average of the two subjective estimates of speed with the instructions to find a comfortable walking pace. Statistical analysis was done by ANOVA test, where P < 0.05 was taken statistically significant.
Results
There were a total of 20 participants. Table 1 summarizes the anthropometric data of the participants. The mean age (in years) of the participants was 20.55 ± 1.98. The mean BMI of the participants was 21.28 ± 1.59 and the waist-hip ratio was 0.875 ± 0.038. 
Discussion
The findings of the present study showed a significant increase in cardiovascular responses such as HR, SBP, and RPP during uphill walking. The response during level and downhill walking was almost similar in terms of cardiovascular parameters. Previous studies which described increase in HR, SBP, and RPP during uphill walking and no significant changes during level and downhill walking support the findings observed in the present study. [9, 10] A study in the past has shown that HR response at grades of −5% and −10% was significantly lower than +5% and +10% gradient in aerobically trained young men and women during both walking and slow jogging. [11] The RPP which is also an indicator of ventricular functional status was also increased significantly during uphill walking which is an index for myocardial oxygen demand. [12] However, another study concluded that there was decrease in RPP by 8% during downhill walking when compared with level walking. [13] During uphill walking, the cost of energy increases. So as to provide the body with sufficient energy, the workload on the heart increases. This increase in the workload is presented with an increase in the HR, SBP, and RPP. With the increase in the level of inclination, there is more demand of energy for the muscles to perform so with the increase in demand there is an increase in the cardiovascular response. With the increase in the severity of the exercise, there is an increase in the blood flow which is due to arteriolar dilatation and the opening of the closed capillaries. During uphill walking, there is an increase in the SBP also which depends on the cardiac output. There is high demand of cardiac output with the increase in the level of exercise. This increased demand for the cardiac output is fulfilled by increasing the HR. During level and downhill walking, the HR was increased but was below 100 beats/min, so, according to the World Health Organization criteria, it forms mild exercise, while during uphill walking HR was in the range of 100-125 beats/min, which forms a moderate type of exercise. [4, 5] 
Conclusion
There is an increase in the cardiovascular response during uphill walking in young adults. Downhill walking and level walking show similar cardiovascular response.
These findings help to understand the variations in cardiovascular response to walking at a different degree of gradient. Exercising at downhill and level is easier as compared to uphill. Hence, walking level and downhill is useful for the individuals who have low exercise tolerance and for beginners and progression can be done by increasing the gradient. 
